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Effects of partial nephrectomy on the expression of osmolyte transport.
ers. Na' /myo-inositol cotransporter (SMIT) and Na /Cl7betaine-y-ami-
no-n-butyric acid transporter (BGT-1) are the major osmolyte transport-
ers that are regulated by extracellular osmolarity. We have recently shown
localization and rapid regulation of the mRNAs for these transporters in
rat kidney. In the present study, we examined the expression of SMIT and
BGT-1 in partial nephrectomized rats in order to assess the change in local
osmolarity following reduction of renal mass. Four weeks after 5/6
nephrectomy (NX), the rats were compared to sham-operated control
animals (CONT). Northern analysis using RNA of whole kidney indicated
that there were little differences in the levels of SMIT and BGT-1 mRNAs
between the two groups. In situ hybridization revealed that signals for both
transporter mRNAs were markedly reduced in the inner medulla of the
remnant kidney. In contrast, these signals in the outer medulla increased
following nephrectomy. SMIT signals in the cortex increased as well.
Grain density, determined by counting grain number per cell, revealed
that the signals in the inner medullary collecting ducts were markedly
reduced whereas those in the thick ascending limbs of Henle (TAL) as
well as macula densa cells were significantly increased. The signals in the
TAL and macula densa were reduced by furosemide administration. The
increased expression in NX rats may reflect the increased NaCl transport
and high local osmolarity in this segment.
Renal medullary cells are protected from the deleterious effects
of high intracellular concentrations of electrolytes by accumulat-
ing high concentrations of non-perturbing osmolytes. Myo-inositol
and betaine have been identified as the major organic osmolytes
in renal medulla [1]. When extracellular osmolarity increases, they
are accumulated into cells through the Na/myo-inositol cotrans-
porter (SMIT) and the Na47Cl betaine y-amino-n-butyric acid
transporter (BGT-1). In the current study, cDNAs encoding
SMIT and BGT-1 were isolated from Madin-Darby canine kidney
(MDCK) cells [2, 3]. We found that the increase in each trans-
porter activity in response to hypertonicity was preceded by an
increase in transcription of the gene and in an abundance of
mRNA [4, 51. This suggests that transcription is the primary step
in the regulation of osmolyte transporters by hypertonicity.
We have recently reported localization and regulation of
mRNAs for SMIT and BGT-1 in rat kidney. SMIT is predomi-
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nantly present in the thick ascending limbs of Henle (TAL) and
macula densa cells as well as the inner medullary collecting duct
(IMCD) [6], while BGT-1 is localized in the medullary portion of
TAL and the IMCD [7]. Acute NaCl loading increases these
signals in the TAL and macula densa cells, and furosemide
reduces the signals. These results suggest that expression of the
mRNAs for the transporters changes in proportion to the magni-
tude of NaC1 reabsorption in this segment.
In the present study, we focused on the expression of osmolyte
transporters in partial nephrectomized rats. It is well known that
concentrating ability is impaired in the remnant kidney. Urine
flow rate is increased and urinary osmolarity is decreased [8].
However, the mechanism for this defect is still controversial. Since
the expression of osmolyte transporters is considered to reflect the
interstitial osmolarity, the study for the expression in nephrecto-
mized rats may give us important information for the mechanism
of the defect of urinary concentration ability.
To examine this issue, we performed Northern blot and in situ
hybridization using rat SMIT and BGT-1 probes. Although North-
ern blot analysis did not show remarkable change in the mRNA
levels, in situ hybridization revealed segment-specific regulation of
the transporter mRNAs. The signals were markedly reduced in
the inner medulla of the remnant kidney, whereas they were
increased in the outer medulla and the cortex. The significance of
intrarenal heterogeneity of the expression will be discussed.
Methods
Animals
Thirty adult male Sprague-Dawley (SD) rats weighing 250 —
300g were used in this experiment. The animals were maintained
with ad libitum access to tap water and normal rat chow (Oriental
Yeast Co., Tokyo, Japan). Ten rats served as a control group and
underwent sham operation without destruction of renal tissue
(CONT). Twenty rats were subjected to 5/6 nephrectomy as
follows. The left kidney was exposed through a left paramedian
incision. After freeing the left kidney of its capsule, a 2/3
nephrectomy was performed by removing the upper and lower
renal poles. After a partial left nephrectomy, hemostasis was
obtained with gentle finger pressure lasting two minutes or less.
Ten days later the right kidney was decapsulated through a right
paramedial incision, and a total nephrectomy was done.
Two weeks after ablative procedure, the nephrectomized rats
divided into two groups. Furosemide (20 mg/kg body wt/day;
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Wako Pure Chemicals Industries, Osaka, Japan) was adminis-
tered to one group of ten rats (NX-FU) by feeding tube once a
day. Another group of ten rats (NX) and CONT rats received
water by the same procedure. Two weeks after the treatment
(corresponding to 4 weeks after renal ablation), half rats of each
group (5 rats) were killed by decapitation and blood samples were
taken. The remnant kidneys were subjected to RNA extraction.
The other half were transcardially perfused with a solution of 4%
paraformaldehyde and the kidneys were used for in situ hybrid-
ization.
Measurement of blood pressure and renal function
Blood pressure and renal function were measured two and four
weeks after ablative procedure. Systemic blood pressure was
measured using a tail-cuff plethysmography (Bioresearch Center,
Nagoya, Japan) in the awake rat. The mean value of three
measurements was determined for each rat. BUN and creatinine
were measured by automated methods (Mitsubishi Kagaku Bio-
clinical Laboratories, Tokyo, Japan). Each rat was placed in an
individual metabolic cage and urine was collected for 24 hours to
determine urinary osmolarity, proteinuria and creatinine excre-
tion. Osmolarity was measured with a freezing point osmometer
(OM-6010; Kyoto-Daiichi-Kagaku, Kyoto, Japan). Urine protein
was determined by the pyrogallol red protein assay as described
[9].
Northern blot analysis
Total RNA was isolated from the remnant kidney tissue by acid
guanidium thiocyanate-phenol-chloroform extraction as de-
scribed [10]. For Northern analysis, 20 g of total RNA was
separated on a 1% agarose formaldehyde gel and was transferred
to a nylon membrane (Aniersham, Hybond-N). SMIT and
BGT-1 cDNAs [6, 7] were labeled by random priming (Amer-
sham) using [a-32P] dATP (3000 Ci/mmol, Amersham). Hybrid-
ization was carried out at 42°C overnight in 50% formamide, 5 X
SSC, 0.1% SDS, 50 mM Na phosphate, 5 X Denhardt's solution
and 100 jig/ml salmon sperm DNA. The blots were washed three
times at 45°C for 30 minutes in 1 X SSC and 0.1% SDS and were
subjected to autoradiography. The hybridized probe was quanti-
fied by a bioimaging analyzer BAS2000 (FUJIX, Tokyo, Japan).
In situ hybridization
The kidneys after the perfusion of paraformaldehyde were
placed in a solution of 4% paraformaldehyde for two hours and
30% sucrose overnight. Cryostat sections (5 .tm) were mounted
on siliconized slides. The slides were fixed in 4% paraformalde-
hyde in 0.1 M phosphate buffer for 20 minutes. After washing with
0.1 M phosphate buffer, the slides were treated with a solution of
10 j.tg/ml proteinase K in 50 mivi Tris-HCI, pH 7.5 and 5 mM
EDTA, pH 8.0, for one minute at room temperature. They were
postflxed in 4% paraformaldehyde and then treated with 0.25%
acetic anhydride for 10 minutes. They were rinsed in phosphate
buffer (28 mtvt NaH2PO4, 72 mr'n Na2HPO4) and dehydrated in
increasing concentrations of ethanol.
Partial clone of rat SMIT and BGT-1 cDNAs [6, 7] were used
for synthesis of cRNA probe. To make 35S-labeled sense or
antisense cRNA probe, in vitro transcription was performed using
T7 RNA polymerase or SP6 RNA polymerase after linealizing by
cutting with appropriate restriction enzyme as described.
Tissue sections were hybridized for 24 hours at 55°C in a buffer
Table 1. Renal function and systolic blood pressure two and four
weeks after renal ablation
Group Parameter CONT NX NX-FU
2 week Sr mg/dl
Ccr mi/mm
Urine protein mg/day
0.41 0.02
2.00 0.09
14.0 0.7
1.04 0.07°
0.64 0.05°
23.9 6.0°
1.06 0.06°
0.70 o.ooa
23.0 2.2a
4 week Sr mg/di
SUN mg/di
Ccr mi/mm
Urine volume mI/day
Osmolarity mOsm/hter
Urine protein mg/day
Systolic BP mm Hg
0.36 0.02
21.6 0.8
2.76 0.29
8.1 0.7
2501 275
15.5 0.9
120 2.4
1.04 0.11°
67.0 5.2°
0.67 0.10°
29.0 2.1°
1097 174°
50.1 14.7°
128 2.7°
0.80 0.11k'
61.0 7.8°
0.78 0.08
28.5 1.8°
1138 68°
26.6 33C
118 2.5°'
Values are mean SEM for five or ten rats. At sacrifice (4 weeks), blood
samples were taken from half of the (5) rats of each group. Other
parameters were measured in all rats.
Abbreviations are: CONT, sham-operated control rats; NX, 5/6 ne-
phrectomized rats; NX-FU, 5/6 nephrectomized rats with furosemide
administration; Scr, serum creatinine; Ce,, creatinine clearance; SUN,
serum urea nitrogen; systolic BP, systolic blood pressure.
ap < 0.01 vs. CONT, bp < 0.05 and C < 0.01 vs. NX
(50% deionized formamide, 10% dextran sulfate, 0.3 M NaCl, 1 X
Denhardt's solution, 20 mivi Tris-HC1 (pH 8.0), 5 mM EDTA (pH
8.0), 0.2% sarcosyl, 200 g/ml salmon sperm DNA, and 500 rg/ml
yeast tRNA) containing one of 35S-labeled cRNA probes. The
probe concentration was 1 x 106 cpm/200 j.d per slide. After
hybridization, the sections were immersed in 5 X SSC at 55°C,
rinsed in 50% deionized formamide, 2 X SSC at 65°C for 30
minutes. After rinsing with RNase buffer (0.5 M NaC1, 10 mM
Tris-HCI (pH 8.0), 5 mivi EDTA (pH 8.0)) three times for 10
minutes each at 37°C, the sections were incubated with 1 jig/mI
RNase A in RNase buffer for 10 minutes at 37°C. After rinsing in
RNase buffer for 10 minutes, the sections were washed in 50%
formamide, 2 X SSC at 65°C for 30 minutes, rinsed with 2 x SSC
and 0.1 X SSC for 10 minutes each at room temperature,
dehydrated in alcohol, and air-dried.
Slides were initially exposed to X-ray film for three days to
provide an indication of the intensity of the hybridization signal.
They were then coated with Kodak NTB-2 emulsion diluted 1:1
with water. The sections were exposed at 4°C for two to three
weeks in a tightly sealed dark boxes. After developed in Kodak
D-1 9, fixed with photographic fixer, and washed with water. The
sections were then counterstained with hematoxylin and eosin to
allow morphological identification.
To determine the specificity of the hybridization signals, con-
secutive sections were hybridized with either antisense or sense
probe. No specific signal was detected in sections hybridized with
sense probe. When sections were incubated with RNase prior to
hybridization, no applicable signal was detected.
Quantitation of the number of grains
To quantify the number of grains of in situ hybridization, all
sections were evaluated by three observers with no knowledge of
experimental treatments. The result of counting was essentially
similar each other. Grains were counted in cells of cortex, outer
and inner medulla of the kidney. Several types of cells were
present in each area but labeled tubules were easily distinguished
from unlabeled tubules. The labeled tubules include IMCD in the
inner medulla and TAL in the outer medulla for SMIT and
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Fig. 1. Northern blot analysis of SMIT mRNA
using RNA from the whole remnant kidney.
Samples of 20 g of total RNA were separated
by electrophoresis on 1% agarose formaldehyde
gel and was transferred to nylon membrane.
The ethidium bromide-stained gel (Et-Br)
demonstrates equal loading. Abbreviations are:
SMIT, Na/myo-inositol cotransporter; BGT-1,
betaine y-amirio-n-butyric acid transporter;
CONT, sham-operated control rats; NX, 5/6
nephrectomized rats without drug treatment;
FU, 5/6 nephrectomized rats with furosemide
administration.
Fig. 2. Film autoradiograms demonstrating the
pattern of hybridization of SMIT antisense cRNA
probe (35S-labeled) to rat kidney clyosections.
Most intense hybridization signals were present
in the outer medulla. There were also
significant signals in the inner medulla and
papilla of the kidney, although these signals
were less intense than those in the outer
medulla. A punctate pattern of the signal was
apparent in the cortex of kidney. Abbreviations
are the same as those in Figure 1.
BGT-1. SMIT signal was also present in the cortical portion of
TAL and macula densa in the cortex. Grains were counted
manually on photomicrographs of randomly chosen labeled tu-
bules from each area [11]. Results represent the values of 100 to
150 tubular cells for each area of five animals per experimental
group.
Data analysis
The results shown are means SEM. The data were statistically
analyzed by the one-way analysis of variance (ANOVA). Statisti-
cal significance was set at P < 0.05.
Results
Biochemical parameters two and four weeks after renal ablation
The surgical procedure of subtotal nephrectomy was well
tolerated by the rats. Renal ablation reduced body wt of the rats
(302 6 vs. 343 5 g, at 2 weeks after renal ablation). Table I
summarized biochemical parameters in each group of rats. Two
weeks after renal ablation, serum creatinine and urinary protein
excretion were significantly higher and creatinine clearance was
significantly lower in the rats received nephrectomy compared to
CONT. Then the nephrectomized rats divided into two groups
BGT
Et-Br
SMIT
Cont NX FU
WV
--a--—
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Fig. 3. Film autoradiograms illustrating BGT-1
mRNA distribution in rat kidney. Hybridization
signals were detected in the outer medulla and
papilla, whereas they were absent in the cortex.
Abbreviations are the same as those in Figure 1.
(NX and NX-FU). There were no significant differences in these
parameters between the two groups at this time.
NX-FU rats received furosemide (20 mg/kg/day) for two weeks.
Four weeks after nephrectomy, renal function and blood pressure
were assessed before sacrifice, Serum creatinine and creatinine
clearance tended to be improved by the administration of furo-
semide, although the effects were not significant. Urine volume
was markedly increased and urine osmolarity was significantly
decreased in nephrectomized rats. Urinary protein excretion was
progressively increased in NX group, but furosemide administra-
tion significantly reduced urinary protein. Systolic blood pressure
was significantly higher in NX group. Furosemide treatment
lowered it to the control level.
Expression of SMIT and BGT-1 in nephrectomized rats
Fig. 4. Dark field photomicrographs demonstrating the pattern of in situ
hybridization of 35S-laheled rat SMIT antisense cRNA probe to a ciyosection of
paraforrnaldehyde-fired rat kidney (X20). a. Sham-operated control rats
(CONT). b. 5/6 Nephrectomized rats without drug treatment (NX). c. 5/6
Nephrectomized rats with furosemide administration (NX-FU). In the rem-
nant kidney, SMIT mRNA appeared to be reduced in the inner medulla
whereas the signals in the outer medulla and cortex did not change or rather
increased (b). Furosemide reduced SMIT hybridization signals (c).
Figure 1 shows Northern blot analysis using RNA from the
whole remnant kidney. There were no significant differences in
SMIT and BGT-1 mRNAs between CONT and NX rats. Furo-
semide administration (NX-FU) reduced SMIT mRNA com-
pared to NX rats whereas the effect on BGT-1 appeared to be
small.
To see if expression of the transporters changes in any segment
of the nephron, we performed in situ hybridization. Figure 2 and
3 show autoradiography of in situ hybridization using SMIT and
BGT-1 cRNA probes. In the sham-operated control rats, SMIT
mRNA was predominantly present in the outer medulla. There
were also significant signals in the inner medulla although these
signals were less intense. A punctate pattern of the signals was
seen in the cortex of kidney. In the remnant kidney, SMIT mRNA
was reduced in the inner medulla (Fig. 2). In contrast, the signals
in the outer medulla and cortex did not change or seemed to be
rather increased. BGT-1 mRNA is expressed in the outer medulla
as well as in the papilla (Fig. 3). BGT-1 signals in the inner
medulla to papilla were decreased following nephrectomy, but the
signals in the outer medulla either did not change or slightly
increased.
Microscopic examination of emulsion-coated kidney sections
confirmed high grain density of SMIT and BGT-1 in the outer
medulla (Figs. 4, 5 and 6). Both signals in the inner medulla
markedly reduced in NX (Figs. 5F and 6D). In contrast, the
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Fig. 5. Bright field photomicrographs demonstrating the pattern of in situ hybridization of 35S-labeled rat SMIT antisense cRNA probe to a clyosection of rat
kidneys of control (A, C, E) and nephrectomized (B, D, F) rats. A and B. Cortex of kidney including glomerulus and macula densa cells. Intense signals
were observed in the juxtaglomerular region and cortical thick ascending limbs of Henle's loop but not in the glomerulus (X400). C and D. Outer
medulla of kidney. Intense hybridization signals were seen in the medullary thick ascending limbs of Henle's loop and were apparently increased in the
remnant kidney (X 100). E and F. Inner medulla of kidney. Significant but less intense signals were seen in the inner medullary collecting ducts. SMIT
signals in this area was markedly decreased in nephrectomized rats (x 100).
signals of the outer medulla (Figs. 5D and 6B), which were mainly
localized in the TAL, were apparently increased in the section of
the remnant kidney. The SMIT signals at the juxtaglomerular
region were increased following nephrectomy as well (Fig. 5B).
To quantify relative change in the expression of transporter, we
counted silver grains in each segment of the nephron. Grain
density for SMIT in the TAL and in the juxtaglomerular region
was significantly higher in NX group (Fig. 7). BGT-1 in the TAL
was also increased significantly (Fig. 8). In contrast, grain counts
for SMIT and BGT-1 in the IMCD were decreased to less than
40% of the control values.
Furosemide administration (NX-FU) reduced SMIT and
BGT-1 hybridization signals in the outer medulla and SMIT
signals in the cortex (Figs. 2, 3 and 4). Grain density in each area
of NX-FU was 30 to 50% of that of NX (Figs. 7 and 8). The
density in the inner medulla was not decreased by furosemide
further.
Discussion
Our results indicate that SMIT and BGT-1 mRNAs were
heterogenously regulated in distal part of the nephron following
nephrectomy. Northern blot analysis could not detect significant
changes in the mRNAs. The changes of the transporter mRNAs
in several portions might offset each other. The expression of both
transporters was markedly reduced in the IMCD, suggesting that
nephrectomy decreased interstitial osmolarity of the inner me-
dulla. The low interstitial osmolarity resulted in increased urine
flow and lowered urinary osmolarity (Table 1). This is probably
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Fig. 6. Localization of BGT-1 mRNA in the kidneys of control (A, C) and nephrectomized (B, D) rats. A and B. Outer medulla of kidney. Hybridization
signals were seen in the medullary thick ascending limbs of Henle's loop and were induced in the remnant kidney (X300). C and D. Inner medulla of
kidney. Significant but less intense signals were seen in the inner medullary collecting ducts. BGT-1 in this area was downregulated in nephrectomized
rats (X300).
due to the defect of concentrating ability that is well documented
in the remnant kidney [8]. The mechanism for this defect is still
controversial. It has been recently shown that the concentrating
defect is at least in part due to impaired vasopressin responsive-
ness of the collecting duct [12]. Several other mechanisms have
been postulated, including a washout of the medullary interstitial
fluid osmolarity caused by regional blood flow changes [13],
destruction of the medullary architecture, impaired function of
the loop of Henle, and impaired intrarenal recycling of urea [14].
Whatever the pathogenesis is, the defect of concentrating ability is
likely to reduce mRNA levels of the transporters in the IMCD.
On the other hand, SMIT signals in the TAL were increased
following nephrectomy. BGT-1 expression was increased in the
medullary portion of TAL as well. Our main interest was the
mechanism for the increased expression in this segment. It was
somewhat surprising that TAL and macula densa cells highly
express the osmolyte transporter(s) in the normal rat kidney [6, 7].
The intense expression of the transporters suggests that these cells
require a considerable amount of the osmolytes even under
normal conditions. The reason why the cells in this segment need
a large amount of the osmolytes is still unclear. Since SMIT and
BGT-1 mRNAs in the TAL are rapidly increased following NaCl
loading and are down-regulated by furosemide administration [6,
7], it is probable that the expression of the transporters changes
with the magnitude of NaC1 reabsorption from the TAL.
Thus, the increased expression in the TAL and macula densa
cells following nephrectomy suggested the increased reabsorption
of NaCl. This is consistent with the results of the previous and
recent studies of Na,K-ATPase activity following nephrectomy
[15, 16], although they did not mention about the activity in the
macula densa cells. Our finding of the increased expression of
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Fig. 7. In situ hybridization histochemist7y for SMIT in renal regions. The
number of grains/cell was significantly reduced following nephrectomy in
the IMCD but was significantly elevated in the TAL and juxtaglomerular
region. Furosemide reduced the signals in the outer medulla and the
cortex. Symbols are: () NX-FU; (E') NX; (LII) CONT. Abbreviations are:
CONT, sham-operated control rats; NX, 5/6 nephrectomized rats without
drug treatment; NX-FU, 5/6 nephrectomized rats with furosemide admin-
istration; JG, juxtaglomerular region; MTAL, medullary thick ascending
limb of Henle's loop; IMCD, inner medullary collecting duct. P < 0.01
and hp < 0.05 versus CONT. "P < 0.01 and versus NX.
JG MTAL IMCD
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Fig. 8. In situ hybridization histochemistty for BGT-1 in renal regions. The
number of grains/cell was significantly reduced following nephrectomy in
the IMCD but was significantly elevated in the MTAL. Furosemide
reduced the signals in the outer medulla. Symbols are: () NX-FU; (i.)
NX; (LI) CONT. Abbreviations are same as those in Figure 6. ap < 0.01
versus CONT. 'P < 0.01 versus NX-FU.
SMIT at the macula densa suggested enhanced solute delivery and
reabsorption of NaCI in this unique part of the nephron. Assum-
ing normal function of the tubuloglomerular feedback (TGF)
mechanism, the increased sodium delivery would elicit reduction
in glomerular filtration rate (GFR), which results in decrease in
distal delivery toward normal. It is suggested, however, that the
TGF mechanism gradually adjusts to accept an increase in both
single nephron GFR and distal delivery, by either decreasing
responsiveness or resetting to a higher operating range [171. Our
result of the increased SMIT expression at TAL and macula densa
supports the notion that both single nephron GFR and distal
delivery increased in the remnant kidney.
We cannot deny the possibility that osmolyte transporters are
regulated by unknown factors other than osmolality. For example,
one might consider that some uremic factor affect the expression
of the transporters. There has been, however, no report regarding
such a factor in spite of extensive studies of these transporters. It
is well known that TAL is essentially impermeable to water and
reabsorbs ions without water movement. We assume that the
osmolarity close to the basolateral plasma membrane of the
tubular cells, that is, peritubular osmolarity [18], is very high
throughout the TAL. The increased reabsorption of NaCI results
in the elevation of peritubular osmolarity, which induces the
expression of osmolyte transporter in this segment. There is direct
evidence of peritubular hypertonicity in case of macula densa
cells. Basolateral side of the cells is contact with juxtaglomerular
interstitium. It has been shown in Amphiuma that the chloride
concentration or osmolarity of juxtaglomerular interstitium is very
high and changes with the tubular flow rate [19]. Another
important finding from our laboratory is that SMIT and BGT-1
activities are mainly regulated by osmolarity on basolateral sur-
face in cultured kidney cells [20]. This suggests that the increased
expression of osmolyte transporters reflects the elevation in
osmolarity on basolateral surface. From these findings, we spec-
ulate that basolateral osmolarity in the TAL and macula densa
cells might be increased in NX rats.
Furosemide reduced urinary protein and tended to improve
renal function of nephrectomized rats (NX-FU). The favorable
effects of furosemide is at least partly due to the reduced
hypertension in NX rats. Another possibility is that the effects
might be related to the direct action of furosemide on the TAL
cells. It has been suggested that tubular hypermetabolism deteri-
orate the progression of chronic renal failure in rat remnant
kidney [21]. This hypermetabolism in residual nephrons is mainly
due to the increased NaC1 transport per nephron. Since Na,Kt
ATPase, which is the major energy consuming ATPase in the
kidney, is predominantly present in the TAL [221, the increased
expression of the osmolyte transporters is likely to reflect tubular
hypermetabolism in NX rats. The decreased expression of os-
molyte transporters by furosemide shows the contrary. Our results
appear to be consistent with the notion of the deleterious effects
of hypermetabolism, since the favorable effects of furosemide on
urinary protein and renal function might be due to reduction of
metabolism. Further studies are necessary to clarify the patho-
physiological role of these osmolytes and their transporters in the
remnant kidney.
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Appendix
Abbreviations used in this paper are: SMIT, Na/myo-inositol cotrans-
porter; BGT-1, betaine y-amino-n-butyric acid transporter; TAL, thick
ascending limbs of Henle's loop; IMCD, inner medullary collecting duct;
MDCK, Madin-Darby canine kidney; RT-PCR, reverse transcription and
polymerase chain reaction; TGF, tubuloglomerular feedback; GFR, gb-
merular filtration rate.
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